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[57] ABSTRACT

A data transmission bus arrangement in which the trans-
cetver arrays through which a main bus communicates

with functional circuit modules are physically disposed
on the same substrate that carries the bus.

6 Claims, 1 Drawing Sheet
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BUS STRUCTURE HAVING CONSTANT
ELECTRICAL CHARACTERISTICS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a high speed data
communications system and in particular to a trans-
ceiver mounting arrangement for such a system.

2. Description of the Prior Art

In high speed data communications systems using
computers it is recognized that the electrical character-

istics of the signal paths, or “buses”, interconnecting
various circuit modules of the system become increas-

ingly critical as transmission rates increase and as logic
transition times decrease. These buses, whether realized
as traces on a circuit board, coaxial cables, twisted pairs
or individual wires, must be considered as transmission
lines. To achieve error-free, high speed digital transmis-
sion the transmission lines must exhibit certain proper-
ties: uniform characteristic impedance (which requires
uniform geometry) along their length; optimum charac-
teristic impedance consistent with current sourcing
capability of the driving circuit elements; proper termi-
nations at the ends to prevent reflections; and high
propagation velocity.

In the typical system the main system bus is disposed
on a bus support substrate called a “motherboard” and
the constituent modules of the system are disposed on
separate dedicated support substrates, or ‘“daughter-
boards. The overall data processing system i1s config-
ured by physically interconnecting the daughterboards
with the motherboards. The requisite properties of the
main bus on the motherboard are adversely affected
when daughterboards are removed from or added
thereto.

In an attempt to minimize effects on the properties of
the main bus, high input impedance transceivers are
located on the daughterboard near the point at which it
1s received by the motherboard. However, the trans-
cetver itself, as well as the “stub” or branch conductor
through which the transceiver is interconnected to the
bus, imposes non-negligible impedance and capacitive
loads on the bus. These loads tend to change the proper-
ties of the bus when daughterboards are added or re-
moved. For example, when daughterboards are present
the effective impedance of the bus is lowered. Accord-
ingly, precise termination of the bus (necessary to pre-
vent signal reflections) is difficult to maintain.

Changes in the bus impedance caused by the absence
or presence of transceivers along a bus are addressed by
U.S. Pat. No. 4,475,191. In accordance with this patent
where daughterboards are present the bus is terminated
in a first impedance. Where the daughterboards are
absent the bus is terminated in a second, higher, charac-
teristic impedance. In addition a current driver with a
deliberately lengthened rise time is used. Such a solu-
tion to the impedance matching problem, however,
imposes limitations on the speed of operation and upon
the transition time between logic levels.

The impedance and capacitive loads imposed on the

bus by the stubs is recognized in the Motorola MECL
Design Handbook. This reference work defines limita-

tions on bus properties in relation to the number and
length of the stubs and places upper limits on the length
of the stubs in order to hold the effects of the stubs
within tolerable limits.
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In the related technology of local area networks, as
typified by the Ethernet ( TM ) network, the properties
of the coaxial cable bus used therein are maintained as
constant as possible by utilization of transceivers
mounted in cable tap units which are attachable along
the bus. In such systems the transceivers are typically
contained within the cable tap unit and are connected to
the coaxial cable at designated locations by means of an
insulatton piercing connector arrangement. When the
cable tap unit 1s removed the transceiver and connector
are removed as well.

In view of the foregoing it is believed advantageous
to provide a communications bus that exhibits precisely

determinable impedance and time delay characteristics
and that maintains these characteristics regardless of the

presence or absence of associated circuit modules con-
nected to the bus at all of the transceiver arrays pro-
vided for that purpose.

SUMMARY OF THE INVENTION

The present invention relates to an electronic system
having a high speed communications bus exhibiting
improved performance characteristics while retaining
the practical convenience of configuration flexibility
and modularity. The bus is physically disposed on a bus
support substrate with associated electronic circuit
modules being positioned on separate support sub-
strates. The circuit modules are removably connected
to the bus support substrate and communicate with the
bus through transceiver arrays.

In accordance with the present invention the trans-
ceiver arrays are physically disposed on the bus support
substrate with the minimum connection length being
defined between the bus and each transceiver array. As
a result of this structural arrangement the impedance
and time delay characteristics of the bus remain substan-
tially constant and are unaffected by placement or re-
moval of functional circuit modules.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE is a stylized pictorial and schematic
representation of an electronic data communications
system having a bus transceiver arrangement positioned
in accordance with the teachings of the present inven-
tion. -

. DETAILED DESCRIPTION OF THE
INVENTION |

Referring to the FIGURE shown is a stylized picto-
rial and schematic representation of a high speed data
communications system 10 of the type able to facilitate
the rapid transfer of data between functional elements
of a data processing system. The data communications
system 10 may find particular utility in connection with
the transfer of large blocks of graphics or image data,
such as that produced by a medical imaging system.

The system 10 includes a bus 12 formed of a plurality
of individual signal conduction paths 14-1 through
14-N. The paths are disposed on the surface of or em-
bedded within a suitable bus support substrate, or
“motherboard”, 16. Any convenient number of conduc-
tion paths is provided consistent with the word width of

the data being processed and with system control needs.
Each conduction path 14-1 through 14-N is terminated

at each end with its respective matching characteristic
impedance 18-1 through 18-N. The termination imped-
ances 18 serve to prevent the generation of signal reflec-
tions back along each conduction path 14. The values of
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the impedances 18 are determinable when the mother-
board 16 is assembled and are selected to precisely
match the characteristic impedance of the conduction
path 14. The bus 12 also exhibits determinable time
delay characteristics which are a function of, among
other things, the dielectric constant of the material of
the substrate 16 and the length, geometry and physical
proximity of the individual conduction paths 14, as will

be readily appreciated by those skilled in the art.
A. predetermined number of transceiver arrays 22-1

through 22-Q are distributed along the bus 12 with a
predetermined spacing being defined between each
transceiver array. Each transceiver array 22 includes
transceiver elements 23-1 through 23-N. Each trans-
ceiver element 23 is electrically connected to its associ-
ated conduction path 14 of the bus 12 by a predeter-
mined length 26 of conductor, commonly referred to as
a “stub”. The term stub is herein used to refer to that
length 26 of conductor branching from a given conduc-
tion path 14 of the bus 12 to some active or passive
circuit element, in this case the amplifier of the trans-
ceiver element 23. Suitable for use as each transceiver
element 23 is an integrated circuit package such as those
manufactured by Fairchild Camera and Instrument
Corporation and sold under model number F100194. As
used herein the length 26 of the stub includes not only
the length of the conductors external to the transceiver
package but also the length of the electrical leads which
are part of the integrated circuit package. This total
length is typically not more than 0.25 inches for reasons
which shall be discussed herein.

The elements of the data communications system 10
- are formed as functional circuit modules 31 disposed on
separate support substrates 30-1 to 30-Q. Such sub-
strates are commonly called “daughterboards”. These
daughterboards are typically connected to the mother-
board 16 via respective suitable multi-pin electrical
connectors 32-1 to 32-Q, although other suitable con-
nection means may, of course, be used. Each of the
functional circuit modules 31 on the daughterboards 30
communicates with the bus 12 through a dedicated
transceiver array 22. Moreover, each of the daughter
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boards 30 is removably connectable to the motherboard

16 thus providing flexibility in configuring the data
communications system 10. |

Each of the daughterboards 30 carries a separate
array 36 of transceiver elements 37 similar to the trans-
cerver elements 23. The group of conductors disposed
between each transceiver array 22 on the motherboard
16 and each transceiver array 36 on the daughterboard
30 define a secondary bus 38. This secondary bus 38
obviates the need for crowding the transceiver array 36
along the edge of the daughterboard 30 and in the vicin-
ity of the connector 32 associated with that board as is
typically practiced in the prior art. In the Figure the
secondary bus 38 is comprised of a plurality of unidirec-
tional conduction paths each connecting an associated
transmitter of one transceiver element to an associated
receiver of another transceiver element. Each conduc-
- tion path of the secondary bus 38 is appropriately termi-
nated at 1s receiving end by its characteristic impedance
40. |

The structural arrangement in accordance with the
present invention, wherein the transceiver arrays 22 are
physically disposed on the motherboard 16, provides
beneficial advantages over the systems of the prior art.
Placement of the transceiver arrays 22 on the mother-
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board 16 effectively shortens the length 26 of the stubs.
As a result the signal reflection delay from the stubs is
always shorter than the rise time of even the fastest
logic families, such as ECL and GaAs.

In addition, changes in the impedance and propaga-
tion delay of the bus 12 due to removal or insertion of
daughterboards 30 are avoided. In the present system
these parameters remain substantially constant, regard-

less of the presence or absence of a daughterboard 30 at
a given connector 32. This is so because the transceiver

arrays 22 always remain in place on the motherboard 16
and are not removed or added when a given daughter-
board 30 1s removed or added. Each conduction path 14
of the bus 12, therefore, is always presented with the
impedance of the associated transceiver element 23 and
its stub 26. It is thus possible to select termination im-
pedances 18 that precisely match the characteristic
impedance of the respective conduction path 14.

Those skilled in the art, having the benefit of the
present invention as hereinabove described, may effect
numerous modifications thereto. It is to understood,
however, that these and other modifications lie within
the contemplation of the present invention, as set forth
in the appended claims.

What is claimed 1s: |

1. In an electronic system of the type having a com-
munications bus disposed on a bus support substrate, the
bus having determinable impedance and time delay
characteristics associated therewith, the bus having at
least a first, a second and a third transceiver array con-
nected thereto, the systemn having a first and a second
functional circuit module respectively disposed on sepa-
rate support substrates and respectively removably con-
nectable to the bus support substrate and respectively
communicable with the bus through the first and the
second transceiver arrays, wherein the improvement
comprises the transceiver arrays being positioned on the
bus support substrate whereby the impedance and time
delay characteristics of the bus remain substantially
constant regardless of the absence or presence of a third
functional circuit module connected to the third trans-
celver array.

2. The system of claim 1 wherein the bus is formed of
a plurality of signal conduction paths and wherein the
improvement further comprises a termination impe-
dance selected to precisely match the characteristic
impedance of each path being deposed on the bus sup-
port substrate at each end of the path. |

3. The system of claim 1 wherein the improvement
further comprises a secondary bus respectively con-
necting a transceiver array on the bus support substrate
to a transceiver array on a separate support substrate.

4. The system of claim 2 wherein the improvement
further comprises a secondary bus respectively con-
necting a transceiver array on the bus support substrate
to a transceiver array on a separate support substrate.

5. The system of claim 4 wherein the secondary bus is
formed of a plurality of conduction paths and wherein
the improvement further comprises an impedance
matching the impedance of each conduction path in the
secondary bus connected to at least one end thereof.

6. The system of claim 3 wherein the secondary bus is
formed of a plurality of conduction paths and wherein
the improvement further comprises an impedance
matching the impedance of each conduction path in the

secondary bus connected to at least one end thereof.
* x x x % |



	Front Page
	Drawings
	Specification
	Claims

